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Introduction
1
Theoretical and Experimental Background
Although Guthrie himself has never formalized his system,
Voeks has reworded his definitions and statements of relation-
ships into a four-fold postulate theory. Two of these postu-
lates are relevant here:
Postulate 1: Principle of Association , (a) Any
stimulus pattern which once accompanies a response
and/or Immediately precedes it (by 1/2 sec. or less),
becomes a full-strength direct cue for that response!
(b) This is the only way that stimulus patterns not
now cues for a particular response can become direct
cues for that response (10, p. 3*4-2).
Postulate k: Principle of Dynamism
. The stimulus
pattern of a situation is not static but from time to
time is modified, due to such changes as result from
the subject's making a response, accumulation of fatigue
products, visceral changes and other internal processes
of the subject, introduction of controlled and uncon-
trolled variations in stimuli (10, p # 350).
The first postulate expresses Guthrie 1 s view that conti-
guity is both the necessary and sufficient condition for the
establishment of a stimulus-response connection or conditional
relationship. The full-strength stipulation states his assump-
tion that such associations are all-or-none. Thus, whatever
stimulus cues are present at the moment of occurrence of a
response pattern become associated with that response (2).
Postulate 1 Is to be contrasted with Stimulus-Response
reinforcement postulates that, while temporal contiguity
between stimulus and response is a necessary condition, associ-
2ations of or habit states intervening between contiguous
stimuli and responses are not strengthened unless followed by
a reinforcing state of affairs (|, p. go; g) . Furthermore,
the strengthening of such associations or habit states is con-
ceived as a monotonic Increasing function of the number of re-
inforcements rather than as all-or-none (4, p. go).
Postulate k is necessary for Guthrie's explanation of the
acquisition of successful acts, or the strengthening of stimu-
lus-response sequences which are followed by reinforcement.
For him, successful acts always lead to some change in the
organism complex of stimuli. Thus, the change from the stimuli
preceding a response to different stimuli following the re-
sponse assures that previously established and new associations
between the antecedent stimuli and the response will remain.
The gradual strengthening of responses is attributed to trial-
by- trial increases in the number of new associations.
Miller, however, has questioned the G-uthrlan view that
any change in stimulus pattern will strengthen the responses
preceding (leading to) that change. Thus, he comments:
Not all radical changes are reinforcing. For ex-
ample, while the change from shock-on- the-grld to no-
shock-on-the-grid will reinforce preceding responses,
I do not believe the opposite change, from no-shock to
shock, will reinforce the responses that precede it.
The fact is that the direction and magnitude seem to be
important (g, p. 379).
Because of technical difficulties in administering shock,
as well as its equivocal status as a reinforcer, the use of
3light has been suggested as an alternative procedure (7,9).
Thus, Keller (5) and Keller and Oberlin (6) have demonstrated
that light removal strengthens instrumental responses in the
white rat.
More recently, Flynn and Jerome (l) have shown that rats
can solve diverse problems in an automatic multiple-choice box
with light as an incentive. Their apparatus consisted of a
test cage divided into two identical chambers by a common par-
tition in which there were as many as five doors. One chamber
was lighted, the other was not. An animal placed in the
lighted chamber could escape into the darkened one, where it
was given a brief, fixed period in the dark after which the
light conditions were reversed and the animal could return to
the original chamber. Plots of "crossing" responses showed
regular decreases in errors as a function of experience.
Hefferline's (3) Investigation represents a transition
from demonstrations that light removal is a relnforcer to con-
cern with the effects of light onset or increases in Intensity.
His apparatus was so arranged that depression of a bar would
lead to light removal and release of the bar to light onset.
Only by pressing and holding the bar down could light removal
be obtained and light onset be avoided. Under these conditions,
the rats learned to press the bar so quickly that they were
immobilized on the bar almost 95 per cent of the experimental
hour.
4Schoenfeld (7, p. 30^) observed that five flashes of
light immediately following bar-pressing not reinforced by
food led to marked reduction in the operant level of hungry
rats. Zeaman and Radner (12), however, have reported the only
investigation whose explicit concern was a comparison of the
effects on response strength of light removal and light onset.
When a bright light was turned off following the response of
walking across a box, rats learned to cross the box in response
to light occurrence. But when the situation was reversed,
I.e., the rat's running turned on a light, the rat failed to
learn the response leading to light onset. Under this second
condition there was contiguity of dark-box stimuli and running,
followed Immediately by a marked change in the stimulus com-
plex. The change, however, was in the direction of greater
intensity of stimulation.
Statement of the Problem
There would appear to be little doubt that responses
leading to light removal or a reduction in intensity will be
strengthened. Moreover, in general agreement with Miller's
hypothesis, the Hefferline, Schoenfeld, and, particularly, the
Zeaman and Radner investigations suggest that responses
followed by increases in intensity in the form of light onset
will not be strengthened. However, because development of a
general criterion for reinforcement is one of the central
5Issues of behavior theory, further investigation of Miller's
suggestion in the direction suggested by the Zearaan and Radner
study seemed desirable. Therefore, the present study was
designed to explore the role of decreased and increased inten-
sities of light as consequences of a rat's left or right choice
response in a simple T-maze.
Specifically, rats were run under three conditions. One
condition, Dim-Same, Involved no change in intensity if the
rat made one choice and a decrease in intensity if the opposite
choice occurred. Under this condition, Miller and Guthrie's
formulations imply acquisition of the response followed by de-
creased intensity. No change followed one choice and an in-
crease in intensity the other in a second condition, Bright-
Same. The Miller prediction of no learning, or perhaps learn-
ing the response to the side on which the intensity remains
the same on the basis of anticipatory light aversion, is con-
trary to Guthrian derivation of acquisition of the response
Just preceding increased intensity. In the third condition,
Bright-Dim, one response was followed by a decrease in inten-
sity, the other by an increase. Miller's hypothesis would
predict the strengthening of the former response while, assum-
ing equality of magnitude of change, Guthrie's postulates as
explicitly stated lead to the expectation of no learning.
6Method
Subjects
.
Eighteen Wis tar-strain, male, albino rats,
ranging from ikk to ISO gm. body weight, were assigned to three
matched groups of six animals each. The matching procedure
will be described below.
Apparatus
.
The dimensions of the simple T-maze (Fig. 1)
were 26 in. across the bar to the endboxes with an IS in. stem
from starting-box to choice-point. The inside dimensions of
the alleys were 2 1/2 in. width and 3 in. height. The floors
were of wood and the tops of transparent plastic. The 5 in.
long, 7 In. wide and 3 in. high endpieces were also covered
with transparent plastic, joined at one corner so as to pivot
freely and allow access into the endpiece for removal of the
rat. Transparent plastic also covered the starting-box which
measured 6 in. long, 3 in. wide and 3 in. high. The entire
maze was painted flat black, with the exception of the white
used to make the starting-box markedly different from the end-
pieces.
In order to eliminate tracking cues, a circular turntable
6 in. in diameter was built in at the choice-point. Three one-
way doors, hinged at the top, were located at the entrance to
each endpiece and at the entrance to the choice-point, and one
door was located at the start of the maze. Two further doors
were located just beyond the choice-point. Each of the six
18"
Fig. 1. Diagram of overview of T-m&ze.
doors were restrained In movement by a set-screw. Thus, the
rat was able to enter the choice-point but not able to leave
except by entrance Into either the left or right alley and,
subsequently, the endpieces of those alleys. Once the end-
pieces were entered the one-way doors prevented returns to the
alleys.
A series of light bulbs attached to a "T B slightly larger
than the entire maze and suspended 1 1/2 ft. above the maze
served as the light source. These lights produced three
different intensities at maze level: (a) 50 ft.-c. (Bright, B)
(b) 10 ft.-c. (Same, S) , and (c) 2 ft.-c. (Dim, D). Thus, the
ratio of stimulus change was 5 to 1. The intensities were
measured with a Weston photometer and were approximate with an
error as great as 2 per cent.
The 50 ft.-c. intensity was produced by bulbs above the
right endbox. The 2 ft.-c. intensity could be produced above
both endboxes, and the 10 ft.-c intensity over the entire maze.
In order to minimize extra-maze cues, the maze and bulb-frame
were rotated every three days through 2700 . The switch-box
for changing the intensities was ohanged from right to left
side every day. Also, there was dally variation as to whether
E used his right or left hand to place Ss_ in the starting-box.
The position of the animals as they were placed in the start-
ing-box was also varied.
9Motivation and living; conditions
. Animals were run 22-
hours hungry at approximately the same time each evening. When
not in the experimental room, they were caged in the general
colony room. After each experimental session they were fed
25 gm. of Purina Fox Chow mash.
Habituation
.
The rats explored the maze over a five day
period under 10 ft.-c. illumination. The last three days of
this period consisted of one day of forced runs to food in
each of the endpieces, and two days of free trials which served
as a test of position preference.""' To prevent "stalling" at the
choice-point for a long period of time, E waited for 30 sec.
and then "jiggled" the turntable until S responded.
Training
.
At the end of the habituation period, Ss were
divided into three groups matched with respect to strength of
position preference on the two days of free trials/"' The
specific condition to which they were assigned was determined
by direction of initial preferences. On the assumption that
Ss would eventually choose the darker side, animals originally
choosing the right or bright side were assigned to the Bright-
Same (B-S) or Bright-Dim (B-D) conditions. Because animals
assigned to Dim-Same (D-S) had left preferences, dim was on
the right.
For animals run under the Bright-Dim condition, illumi-
nation of the maze was at 10 ft.-c. from the starting-box to
the endpieces. Entrance into the right box was followed by an
'See Appendix, p. 23
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increase in intensity to 50 ft.-c. If the animal entered the
left endbox, the intensity was decreased to 2 ft.-c. The
animals remained in the endboxes for 30 sec.
In the Bright-Same condition intensity was increased to
50 ft.-c. immediately after S entered the right endbox. There
was no change from the 10 ft.-c. level following entrance into
the left endbox. The intensity of the right endbox was de-
creased to 2 ft.-c. and that for the left remained at 10 ft.-c.
following endbox entrance in the Dim-Same condition.
Animals were not permitted to return to the stem from the
choice-point. Once the animal's body was completely in the
right or left arm, no correction was possible. All groups were
given 10 trials per day under massed conditions until a
criterion of 1& of 20 choices of one side or the other on two
successive days was achieved. Times from entrance into the stem
from the starting-box to endbox entry and number of entrances
were recorded.
11
Results
Animals in the D-S and B-D groups learned the responses
preceding a reduction in intensity of illumination, and those
in the B-S group learned the responses followed by no change
in Intensity.
Trials and errors through criterion trials for each animal
and means and standard deviations of these measures for each
condition are presented in Table 1. Because animal No. k of
the D-S group failed to reach criterion in 15 days, a score of
150 trials was arbitrarily assigned for statistical purposes.
This score and the error score are, of course, underestimates.
When based on means of trials through criterion for all
six animals in all conditions, a significant F of was ob-
tained, but elimination of No. ^ reduced the F value to a non-
significant 3.02 (Table 2). The F of 3.23 for errors also
failed to reach the 5# level (Table 2).
A procedure devised by Kruskal and Wallis (11, p. ^36)
permits a comparison of the ranks of scores for k groups, thus
eliminating the problem of either arbitrarily assigning scores
to or eliminating No. k. The H for trials of 6.31 was signifi-
cant at the 5# level but the value of 5«12 for errors was not
significant. Thus, statistical analysis suggests that Ss_ in
the D-S condition required somewhat more trials to reach
criterion. However, the conditions did not differ signifi-
12
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cantly with respect to errors.
Figures 2 and 3 are plots of the means of errors and
means of the medians of times in sec. from leaving the start-
ing-box to endbox entrance on a day-by-day basis over 11 days.
In order to have scores for all animals for the 11 days,
criterion scores were arbitrarily assigned to each animal for
all days beyond the day on which the animal had reached
criterion*
Food reward was used on the last habituation day but was
eliminated during training. Since first day time scores could
have been expected to include the effects of removal of food,
they were not determined.
While the negatively accelerated error curves for the B-D
and B-S groups were similar, primarily because of animal No. li-
the curve for the D-S group was somewhat higher. The time
measures for all groups exhibited negatively accelerated de-
creases. The curves for the B-S and D-S conditions were
strikingly similar.
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Discussion
Animals in the B-D and B-S conditions learned the re-
sponses followed by a reduction in intensity or where intensity
remained the same. In the D-S condition the response leading
to dim was learned. Both error and time curves were negatively
accelerated. Because the superiority of the B-D and B-S con-
ditions to the D-S group in terras of trials through criterion
was not reflected in the error measure, it seems premature to
conclude that these conditions had differential effects on the
rate of learning.
This uncertainty is further strengthened by the observa-
tion that the deviant performance of one animal was primarily
responsible for the slower learning of the D-S group.
In the case of the D-S group the strengthening of the re-
sponse to dim is consistent with prior observations that re-
sponses leading to light reduction will be strengthened. Both
Miller and Guthrie would have predicted this outcome.
Guthrie's postulate as presently formulated would seem-
ingly predict acquisition of the bright-going response under
the B-S condition and, assuming psychophysical equality of the
increase and decrease in intensity, no learning for the B-D
condition. Because animals learned to go to the same or dim
side respectively neither prediction was confirmed.
If some form of anticipatory light aversion analogous to
lg
shock-avoidance is assumed, a Stimulus-Response Reinforcement
theory could predict the results for B-S. Anticipatory light
aversion and/or reinforcement based on reduction in intensity
provide an explanation of the acquisition of the response to
the dim side for the B-D group.
While not formally developed within his system, one
Guthrian explanation stems from the possibility that continu-
ous, intense stimulation leads to more responses and, there-
fore, to more response-produced stimuli wnich, in turn, could
be expected to overlap increasingly with the response-produced
stimuli conditioned to the right- turning response. The same
and dim intensities would presumably occasion fewer response-
produced stimuli and thus less overlap with the response-
produced stimuli to the turning responses to the same or dim
side. As a consequence, there should be greater dissociation
of the right-turning response from response-produced stimuli
at the choice-point with the bright intensity than with the
same or dim intensities, thus resulting in responses to the
same or dim sides with greater strength.
While perhaps more clearly consistent with Miller's hy-
pothesis than with Guthrie's postulates as explicitly stated,
in view of the possibility of a Guthrian explanation, these
results cannot be considered a conclusive test of the two
positions. There are two aspects which pose explanatory
problems. First, since the B-D animals were presumably
19
benefitting from both anticipatory light aversion or greater
dissociation on the bright side and a reduction in intensity
on the dim side, the failure for this group to learn more
rapidly than the B-3 group cannot be readily explained by
either Miller or Guthrie. Similarly, it is puzzling that the
B-D group was not superior to the D-S group for both trial and
error measures. It is probable, however, that these questions
can be resolved only by more elaborate experimentation involving
varying degrees of increased and decreased intensity through
varying levels of initial or same intensities.
20
Summary
eighteen Wistar-strain albino rats, divided into three
equal groups matched for position preference, were run in a
T-maze under different conditions of decreased and increased
intensities of light following choice responses. They were
given 10 massed trials per day under a non-correction pro-
cedure until attainment of a criterion of IS of 20 choices of
one side or another on two successive days.
The three conditions of increased or decreased intensi-
ties of light following a choice response were: (a) Bright-
Dim (B-D), in which one response led to an increase in inten-
sity, the other to a decrease; (b) Bright-Same (B-S)
, with one
response followed by an Increase in intensity, and with no
change in intensity following the other response; ana (c) Dim-
Same (D-S), in which one response was followed by a decrease
in intensity and the other by no change.
Responses which were followed by the less Intense conse-
quence were learned, specifically the response to the dim side
for B-D and D-S, and the response to the same side for B-S.
While D-S required more trials to criterion than the other two
conditions, differences among the means of errors were not
significant.
The results were interpreted as more clearly consistent
with Miller's hypothesis that only decreased intensity of
stimulation serves to reinforce stimulus-response associa-
tions. However, an alternative explanation within the frame-
work of Guthrie's contiguity and stimulus change postulates
was also advanced.
22
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APPENDIX
Table 3
Means, Medians, and Standard Deviations
of Position Preference Trials*
Group
Mean Median SD
Left .Right Left Right Left Right
Din-Same 13 • 33 6.67 12.0 8.0 3.16 3.14
Bright-Sajr.e 7.17 12.83 7.5 12.5 2.78 . 1
Bright-Dim 8.17 11.83 8.5 11.5 1.32
Criterion established as majority of response to one side or the other.
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